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BACKGROUND
In an article appearing in the May 1981 Journal of Academic Librarianship, Paul Kantor described a simple theoretical model for determining shelf availability for library materials. 1 The purpose of this paper is to apply this model to a working library environment and in the process examine several additional considerations not discussed in the Kantor article . These include: (1) gathering data on the time required to apply the model developed by Kantor to a working library environment; (2) determining demand-adjusted shelf availability for a medium-sized university library; (3) determining whether there is any significant difference between the results of data expostulated in what Kantor describes as a naive fashion, and adjusted data sorted by last circulation date, acquisition date, and imprint date; and (4) determine the degree of difference between stack availability as recorded during the initial weeks of the semester when demand for materials is low as compared to the latter weeks of a semester when material is in heavy demand.
Historically, two approaches have been used to determine shelf availability in libraries. Shelf availability, as used in this paper, is the probability that a patron going to the shelf will find the item he is looking for. One approach to this problem is the collection of data based on expressed demand and described in papers by Buckland, Kantor, and others. 2 Using this technique, demand as expressed by users is measured by actually surveying library users. The user is handed a form or a sur- 3 This technique utilizes a small sample drawn from the shelflist. Items in the sample are checked against the stacks and circulation records to determine the percentage of items not found. This approach provides less management information than the first technique described. One can only determine if the item is in circulation or if it is missing from its proper shelf location. It does not provide information regarding the adequacy of collection development policies, patron skills in using the catalog, or patron skills in locating materials in the collection. In addition, as Kantor points out, the data which this technique provides on circulation interference and on "other" factors are subject to inherent bias because of the failure to adjust for the fact that not all materials are equally in demand. 4 The importance of this fact could have a significant impact upon the findings when using this technique. For example, libraries with very old and large collections are likely to find that the collection extends far beyond the interest of the current users. As a result, data gathered using this technique
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are likely to overestimate the probability that an item, in the relatively small subset of materials currently in demand, will be found on the shelf. The items in high demand are precisely the ones that are likely to be in circulation or not available for circulation for some reason. It is this issue that this paper is intended to address.
METHODOLOGY
Several points are worth noting in connection with this study. The author was able to conduct the comparative analysis of data involving last circulation date, acquisition date, and imprint date because the library utilized a circulation system that retained information regarding item circulation activity. It is also worth noting that all library users are limited to a twenty-eight-day circulation period. This may be important if other libraries intend to compare their findings with data presented in this study.
The first phase of the study involved the selection of a random sample of 504 items drawn from a total population of 141,000. The random sample was created using a standard computer random number generator program. The numbers, once generated, were sorted into numerical sequence to facilitate matching against the numerical sequence of the shelflist drawers. Once this was completed, the survey worker went to the shelflist to gather the sample. The survey worker opened the appropriate drawer and laid a ruler alongside the cards. A second set of random numbers was used to select the card or cards in each drawer corresponding to the number of samples to be drawn from the drawer. For example, if two samples were to be drawn from a drawer and the random number table indicated they should be drawn from one and ten inches, slips were inserted in the shelflist at these points. The call number, imprint date, and the date of acquisition for each sample were recorded on the data collection form shown in figure 1 . If the card happened to be for an item with multiple volumes, a second random number table was used to select the volume number to be recorded on the data collection form.
The second phase of the study involved 5 However, the author suggests that it would be more efficient to begin in the stacks. A quick calculation of the number of items in circulation indicated that only a small percentage of the collection (approximately 6 percent) would likely be in circulation at any one time. As a result, the survey worker first went to the stacks and searched for each item listed on the data collection form. If the item was located, the last circulation date and the disposition code (in this case a 1 for stacks) was recorded in the appropriate columns on the data collection form. If the item had not circulated, the acquisition date was duplicated in the last circulation date column on the data collection form.
When the survey worker neared completion of his shift, he stopped searching in the stacks and went to the circulation desk to search the circulation records for items not located in the stack search. If the item was located in the circulation records, indicating that it was not available for circulation, the previous (next to last) circulation date was recorded in the last circulation date column on the date collection form. If this date was not available, the date of acquisition was recorded in the last circulation date column. A code (2) was recorded in the disposition column on the data collection form indicating the item was in circulation.
In cases where an item was not located, a 0 was recorded in the disposition column. Items not located were later searched for on several occasions. If found, the last circulation date was recorded in the appropriate column on the data collection form. If the last circulation date was not available, the date of acquisition was duplicated in the last circulation date column. Items falling into the ''other'' category were either misshelved, in transit, in use within the library, missing, or incorrectly processed. No attempt was made to quantify this information although it would be relatively easy to do and would be required if the library felt this category could be a significant factor in the availability analysis.
The final step, prior to the data analysis, involved keypunching the sample number, imprint date, acquisition date, and last circulation date onto IBM cards for later sorting and tallying. The subsequent analysis of the data is discussed in the following section.
ANALYSIS OF DATA
One of the objectives of the study was to determine the personnel requirements for conducting a study of the type described in this paper. Table 1 provides this information. As can be seen, the two most time-consuming aspects of a study of this type involve the selection of the sample from the shelflist and the time required to search for the material. There would be a slight savings in time if the survey worker had not opened each item to determine the last circulation date, however, the total savings in time would have been less than two hours. Information regarding the time required for data analysis was not included. It should be noted that it is not a time-consuming activity. An IBM Per- Table 2 displays what Kantor refers to as naive data, that is, unadjusted data which assume that demand is distributed uniformly over the collection. The data shown in this table were gathered during a period of high circulation. The data are sorted by last circulation date and divided into three equal categories labeled young, middle, and elder. Within each category, material is identified as being in circulation, on the shelf, or ''other.'' The young category represents material with a last circulation date within the last eighteen months. The middle category represents material with a last circulation date of between nineteen and seventy-two months. The elder, and final, category represents material that has not circulated within the last seventy-three months.
The total number of items in the young category is found to be 168, of which 24 are circulating, 132 are on the shelves, and 12 cannot be accounted for. There are 168 items in the middle category of which 1 is circulating, 154 are on the shelves, and 13 cannot be accounted for. The elder category also contains 168 items of which none are circulating, 151 are on the shelves, and 17 cannot be accounted for. It tance of this fact will be examined in greater detail in the discussion of the next table.
As table 2 also indicates, the circulation dysfunction, that is the failure rate resulting from an item being in circulation, for the naive analysis is 4. 9 percent. This was calculated by dividing the number of items in circulation (25) by the total number of items in the sample (504). The ''other'' category dysfunction, that is the failure rate resulting from not being able to account for an item, is 8.7 percent. This was calculated by dividing the total number of items in the ''other'' category ( 42) by the difference between the total number of items in the sample (504) less the total number in circulation (25). The total stack dysfunction, that is the failure rate resulting from not being able to locate an item in the stacks, is 13.2 percent and is determined by adding the total number of items in circulation (25) to the total number of items in the ''other'' category ( 42) and dividing the resulting total by the total number of items in the sample (504). The stack availability is found by subtracting the stack dysfunction (13.2 percent) from 100 percent which, in this case, is 86.7 percent. That is, a patron going to the stacks looking for an item found in the public catalog, could potentially find it on the shelf 86.7 percent of the time.
As mentioned earlier, this analysis assumes that demand is distributed uniformly throughout the collection. An earlier study by the author clearly showed that demand was not so distributed. 6 In fact, 84 percent of the circulation was being met by 33 percent of the collection. This fact is reflected in the data shown in table 2, where all but one item in circulation falls into the young category. Kantor suggests that it is possible to adjust the data to account for the uneven distribu-tion of demand. This adjustment is based upon a formula that relates the demand for an item to the chance that it is in circulation. A more complete discussion of the formula and its derivation can be found in Kantor.
7 Table 3 shows how the data can be adjusted to account for current demand. The raw or naive data are again shown on the left of the table. A weighting factor or adjustment factor is recorded in a new column following the raw data. This factor is derived by dividing the number of items in circulation for the row by the number of items on the shelf and in the I I other'' column. This calculation is designed to correct for the fact that the demand for an item actually exceeds its circulation because patrons will be looking for it even though it is not available. Using the young grouping as an example, the number of items in circulation (24) is divided by the total of the number of items on the shelf (132) plus the number in the I I other'' category (12) . The result of this calculation is a weight factor for the row of .1666667. This calculation is carried out for each grouping and row in the table. Once these calculations have been completed, the raw data are multiplied by the weight factor to provide the adjusted data. Continuing with the example of the young circulation category used previously, we find the number of items in circulation (24) is multiplied by the weight factor ( .1666667) to find the adjusted data (4.00000). This calculation is repeated for each category in each of the adjusted rows.
The same calculations that were carried out in table 2 to find circulation availability, "other" availability, and stack availability are repeated using the adjusted data. In this case the circulation dysfunction is calculated by dividing the adjusted circulation total (4.005988) by the adjusted total of the items in the sample (4.005988 + 22.92216 + 2.077844 = 29.005992). The "other" dysfunction (7 .1 percent) is calculated by dividing the adjusted "other" category (2.077844) by the difference between the adjusted total number of items in the sample (29.005992) less the total number in circulation (4.005988). The total stack dysfunction (20.9 percent) is calculated by dividing the adjusted total of the July 1983 in circulation and "other" columns (4.005988 + 2.077844) by the adjusted total of the items in the sample (29.005992). The stack availability (79 percent) is calculated by subtracting the stack dysfunction (20.9 percent) from 100 percent.
The same procedures described above were used to carry out the analysis in tables 4 and 5. The only difference was in the method of sorting the data. In the case of table 4, data were sorted by acquisition date and in the case of table 5, by imprint date. In each of these cases the circulation was more evenly distributed throughout the three categories although, in each case, almost one-half of the circulation was in the young category.
A third objective of the study was to determine the degree of difference between data gathered during a period when demand was heavy and during a period when demand for library materials was light. The latter is shown in tables 6 through 9. As can be seen and as might be expected, the data differ significantly between the two periods .
CONCLUSIONS
The time required to conduct a simple availability analysis of the type described in this paper is minimal. The majority of the time will be spent in selecting the sample and searching for the material. This approach would appear to be more efficient than analysis based upon expressed demand, although it clearly provides less management information.
It would also appear that the technique described in this paper is a good management tool for monitoring library performance in two areas: (1) circulation dysfunction and (2) library housekeeping dysfunction. It will provide the library manager with quantitative data to measure against previously established control standards. If, for example, availability falls outside acceptable limits, the manager can take the necessary corrective action. In addition to acting as a flag to the manager that corrective action is required, it also will tell the manager if the corrective action has been successful. This is perhaps just as important as the aforementioned function.
In the case of circulation dysfunction, the corrective action might involve a reduction in loan periods. 8 The reduction could encompass all materials or it could be selective, applying ohly to those materials in high demand. A second approach might be the purchase of more duplicate volumes for high-demand items. A third option would be to use a combination of the two approaches.
9
In the case of library housekeeping dysfunction, the manager may want to assign more personnel to shelving or shelf reading. The results might also indicate a need to replace missing materials in a more timely fashion. The technique described in this paper would appear particularly useful if conducted on a periodic basis so that comparative data would be available over time. Data collected in this manner might be a useful tool in assisting the library manager in securing additional staffing or maintaining the same levels of staffing by providing specific data to library and university administrators regarding the impact of staff reductions, in selected areas, on patron success in locating materials in the library.
It is also clear from the analysis that the adjustment for uneven distribution of demand can make a significant difference in the findings regarding availability if the data are sorted by last circulation date. In a working environment, it would appear that the analysis of data when sorted by acquisition date and imprint date more closely approximates that employed in the naive analysis. The key question is which analysis (naive, last circulation date, ac- Table 10 offers a comparison of the availability analysis for the four approaches. Since the problem is to correct for the effects of actual use, the author would hypothesize that adjusted data sorted by last circulation date would provide the best approximation of actual availability. It would be useful if a library were to conduct an expressed demand analysis in conjunction with a study similar to that described in this paper. Such a study would help answer this question.
It would also appear likely that management could easily make several erroneous assumptions if the results of naive data analysis were used. Two problems are evident: (1) the availability is overstated and (2) the major cause of the dysfunction is incorrectly identified. As an example, in the latter situation, if a manager wished to increase stack availability based upon the data presented in table 2, naive data, he or she would most likely commit the library resources to reducing the number of items in the I I other'' category. This would be the logical assumption because this category represents a larger proportion of the dysfunction than does the circulation category. However, when the manager examines the adjusted data sorted by last circulation date presented in table 3, it becomes clear that the major source of stack dysfunction and, hence, user frustration is the fact that materials are in circulation.
As shown in the data, there is a significant difference between the results of data gathered during periods of low use and high use. The question naturally arises during which period should the study be conducted? Since most of the demand and hence the circulation and library housekeeping dysfunction will occur during periods of high demand, the author feels this would be the most appropriate time to conduct the study.
ERROR ANALYSIS
Kantor provides the following formula as a means of establishing a rough estimate of the standard error. (1 -P))"2 The standard error is calculated for each row within each group. In the formula, W = the weight factor for the row, A = the row sum for the raw data, N = the total number of circulations for all groups, and P = the adjusted circulation availability. Table 11 illustrates the use of the standard error calculation. Using the row for the young group as an example, the data show that W = .1666667, A = 168 (24 + 132 + 12), N = 25, and P = .8618910. In the table factor one is calculated as follows: W*(1 -W)* AI(N*N) and recorded in the next to the last column for the row as .0373333. The product for the last column is calculated using the formula ((2 -W)* W-(1 -p))"2 times the product from the previous column and results in a product of .0010468. This process is repeated for each row. As can clearly be seen, the calculation for the first row has the greatest impact upon the error calculations.
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The complete error formula utilizes the products shown in the last column for each row. E"2 = (P1 + P2 + P3)/(N*N). In the case of table 10, this is E"2 = (.0010468 + .00002547 + 0)/(25*25) orE = 1716E -6.
